The basic physical parameters of a poorly studied open cluster NGC 110 and an unstudied open cluster DOLIDZE 14 are estimated in the present study using the archival P P MXL and W ISE catalogues. The radius of both the clusters are estimated by fitting the modified King's empirical model on their stellar density profiles. The other basic parameters of the clusters such as distance, reddening, and age are obtained by visual fitting of the Marigo's solar metallicity isochrone on their IR colour-magnitude diagrams (CMDs). The mean-proper motion of the clusters are estimated through the individual proper motion of probable members identified through the dynamical and statistical methods. The archival catalogues (JHKW 1 W 2 ) are constructed for both the clusters by compiling the extracted data from the P P MXL and W ISE catalogues. The various colour-excesses, such as E(J −H), E(H −K) and E(W 1 − W 2 ), are estimated using the best fit theoretical isochrone on the (J − H) − H, (H − K) − H and (W 1 − W 2 ) − H CMDs, respectively. The ratios of various infrared colours of the clusters are obtained through their two-colour diagrams. We also identify the most probable members in these clusters by estimating spatial, kinematic and spatio-kinematic probabilities of stars within the cluster. A correlation between the E(H −K) and E(W 1 −W 2 ) is also established.
Introduction
The Open star clusters (OCLs) are gravitationally bound group of stars situated at the same distance from the Sun and have the similar age. They are born embedded within the giant molecular clouds and visible only at the infrared wavelengths during their initial stages of the evolution. Their embedded birthrate always exceeds to the growth-rate of the visible open star clusters (Lada & Lada, 2003) . The structure of the cluster is a result of its evolutionary processes such as initial physical conditions of the molecular clouds, internal structure, external tidal perturbation, etc (Chen et al., 2004; Sharma et al., 2008) . From the analysis of cluster radius of several OCLs in optical and near-IR bands, it has been found that the cluster size is usually larger in the near-IR bands, barring few exceptions, as compared to the optical bands (Sharma et al., 2006) . Since, OCLs are embedded in the Galactic disk and are generally affected by the field star contamination, hence it is necessary to distinguish between members and non-members in the field of cluster. In recent years, the detailed membership analysis of stars in the cluster field has become a subject of intense investigation, mainly in view to understand the cluster properties (Carraro et al., 2008; Yadav et al., 2008; Joshi et al., 2014) .
In the present study we aim to determine the basic parameters of two OCLs, namely DOLIDZE 14 and NGC 110 using the P P MXL and W ISE database. PPMXL (Roeser et al., 2010 ) is a catalogue of positions, proper motions, 2MASS and optical photometry of 900 million stars and galaxies. The Two Micron All Sky Survey (2MASS; Skrutskie et al. (2006) ) uses two highly-automated 1.3-m telescopes (one at Mt. Hopkins, Arizona (AZ), USA and other at CTIO, Chile) with a three-channel camera (256 × 256 array of HgCdTe detectors in each channel). These detectors are capable of observing the sky simultaneously at J (1.25 µm), H (1.65 µm), and K (2.17 µm) bands, up to a 3σ limiting sensitivity of 17.1, 16.4 and 15.3 mag in the three bands, respectively. This survey has proven to be a powerful tool in the analysis of the structure and stellar content of open star clusters (Bica & Bonatto, 2003) . PPMXL also includes a spatially unlimited catalogue, USNO-B1.0 (Monet et al., 2003) which lists positions, proper motions and magnitudes of stars in various pass-bands and is believed to provide all-sky coverage down to 21 mag in the V band. Further, the Wide-field Infrared Survey Explorer (WISE; Wright et al. (2010) ) operating in the mid-IR is a NASA Medium Class Explorer mission which conducted a digital imaging survey of the entire sky in the 3.4, 4.6, 12 and 22 µm (referred as W 1 , W 2 , W 3 and W 4 passbands, respectively) and has produced a reliable Source Catalog containing accurate photometry and astrometry of more than 300 million stellar objects. The cluster NGC 110 is previously studied by Tadross (2011) , while DOLIDZE 14 has been termed as an OCL in a catalogue provided by Alter et al. (1970) but have not been studied so far. In the present paper, we have determined various physical parameters of these OCLs in Sec. 2 and discussed the detailed membership estimation in Sec. 3. The results of physical properties of clusters and their significance have also been discussed and summarized in Sec. 4.
Basic Parameters of Clusters
The basic physical parameters of a cluster are reddening, distance, age, radius and mean-proper motion. Among them, the distance, reddening and age provide information about the cluster location from the Sun, presence of interstellar gas within cluster and its origin time from present. On the other hand, the average radial motion and extent from center are expressed on the basis of its proper-motion and the radius, respectively. Furthermore, the colour-magnitude diagrams (CMDs) and two-colour magnitude diagrams (TCDs) are the specific tools for the estimation of parameters of each cluster. For the purpose of such estimations, the finding charts of the clusters DOLIDZE 14 and NGC 110 have been constructed in Fig. 1 , where the size of dots is related to the brightness of a star in R passband at the USNO −B1.0 second epoch observation. Keeping in view the fact that the detection of all stars of a cluster region is never possible in a single photometric band because of various technical and photometric limitations, here we use the P P MXL catalogue. As this catalogue is very effective to overcome the problem of incompleteness of data to a large extent since it includes the star detection in near-IR bands (J,H and K) from 2MASS as well as magnitudes in optical bands (B, R and I) from USNO − B1.0. With this background, the estimation procedure of various physical parameters of OCLs is described in following subsections.
Cluster radius
It is well known that the spatial coverage and uniformity of PPMXL photometry may be used for the determination of the cluster radius, which allows one to obtain reliable data on the projected distribution of stars for the large extensions to the cluster halos (Tadross, 2012) . This catalogue contains near-IR magnitude of stars (from 2MASS) as well as photometric BRI magnitude of stars (from USNO − B1.0) and these stars may be used to calculate the stellar density of a cluster from its center to circumference. The stellar density has been found to be maximum at the cluster center. The stellar density of clusters is obtained through the star-count method. The center of each cluster has been obtained by fitting the Gaussian function to the profile of star counts in both the right ascension (RA) and declination (DEC) directions. Thus, the center of NGC 110 has been found at the coordinates (6.84352d, 71.3990d) ′′ ). The cluster radius is then defined as the distance from cluster center, where the cluster stellar density coincides with the field stellar density. The cluster radius is then estimated using its radial density profile (RDP), which is constructed using the stellar density within the concentric shells located at equal incremental intervals (r≤1 arcmin) from the cluster center. For this purpose, the density function ρ(r) is given by the modified empirical King model (King, 1966; Kaluzny & Udalski, 1992) . The expression of ρ(r) is given as below:
where f bg , f 0 , and r c are the background field stellar density, central star density and the core radius of the cluster, respectively. Here, the core radius is defined as the distance from cluster center, where the stellar density reduces to half of that at its center. The RDP of each cluster thus obtained are shown in Fig. 2 . The best fit model gives the core-radius of NGC 110 as 0.79±0.19 arcmin, while that of DOLIDZE 14 as 2.76±0.81 arcmin. The cluster radius for NGC 110 is then estimated to be 5.6±0.4 arcmin, which is about half of that estimated by Tadross (2011) . On the other hand, the radius of DOLIDZE 14 cluster has been estimated to be 9.6±0.2 arcmin, which is a little higher as given by Alter et al. (1970) in their catalogue. These radial extensions of the clusters under study have been depicted by circles in Fig. 1 . In these estimations, the background stellar density of NGC 110 and DOLIDZE 14 have been obtained as 10.2 and 4.5 stars/arcmin 2 , respectively.
Field stars separation
The field stars are those foreground and background stars which are found on the direction of cluster but have different birth time and different evolution process compare to clusters stars. They are also effected the accuracy of measurement of cluster parameters. The rejection of field stars from cluster region is necessarily required to overcome their influence in estimation of cluster parameters.
Dynamical approach
As OCLs are gravitationally bound systems, the mean-proper motion values may also be used to separate the field stars from the cluster region using 3σ clipping 1 . The mean and σ values of such proper motion of sky covering stars of each cluster have been determined in both the directions and are used to separate the stars not lying within the 3σ value in both the directions. Using iteration procedure, the stars lying outside 3σ value from the mean value of proper-motion of cluster in both directions have been completely eliminated and the remaining stars (the dynamical members) are used to find the mean proper motion of sky covering stars of the clusters. For the case of NGC 110, a total of 667 stars (out of 933 stars) have been used which leads to the estimation of its mean-proper motion through its dynamical members as 3.55±0.19 mas/yr and 3.06±0.17 mas/yr in RA and DEC directions, respectively. Similarly, for DOLIDZE 14, a total of 932 stars (out of 1511 stars) have been used which leads to the estimation of its meanproper motion through its dynamical members as −0.57±0.29 mas/yr and −8.38±0.35 mas/yr in RA and DEC directions, respectively. The vector point diagram of these clusters (in RA-DEC plane), thus obtained, has been depicted in Fig. 3 , in which the dark green dots (in each panel) represent the dynamical members.
Statistical approach
Though a number of field stars get separated from cluster region through the dynamical approach, however, some of the field stars with their proper motion lying very close to the mean proper motion of the cluster members still need to be separated from the cluster region. It is to be further emphasised that the IR magnitude of all of the dynamical members are not available in the 2MASS and W ISE archive databases due to the incompleteness of the photometry. Such, field star separation is then carried out by a statistical approach which is based on the comparison of field region stars with stars of cluster region on the CMD. For this purpose, for each cluster, we start by considering a field area as a region with its area equivalent to that of the cluster region and compare the stars occurring in these two equivalent areas using a grid around every field star in the associated colour magnitude diagrams. Such comparison, in fact, strictly depends on the size of the grid. Since, in the present approach, most of the field stars have already been removed through the dynamical approach, we prefer to choose the grid size as minimum as possible so as to reduce the possibility of rejection for the genuine cluster members. Therefore, we have removed the cluster region stars lying within a grid of colour-magnitude space given by (H, J −H) = (±0.05, ±0.01) corresponding to each field star. We have thus found 321 stars in statistically cleaned (J −H)−H CMD of DOLIDZE 14 and 234 stars in that of NGC 110.
Mean proper-motion
The mean proper motion of a cluster is defined as the average angular speed of cluster per year by which it has changed its position over the sky. For this purpose, the PPMXL catalogue (Roeser et al., 2010) provides the proper-motion values for various stars in both RA and DEC directions. Employing the two field stars subtraction methods described above, we yield a total of 226 and 302 probable members of the clusters NGC 110 and DOLIDZE 14, respectively. The stars have then been used for the estimation of the mean proper motion of individual clusters. We have thus found the mean-proper motion of NGC 110 as 4.03±0.29 mas/yr and 2.53±0.23 mas/yr in RA and DEC directions, respectively while the same for cluster DOLIDZE 14 are found to be −0.15±0.34 mas/yr and −7.79±0.41 mas/yr. The probable members for estimating the mean proper motion of clusters are depicted by blue dots in Fig. 3. 
Two-colour diagrams (TCD) and colour-excess
The two-colour diagrams (TCD) are very useful to estimate the relation of various colour-excesses and their variations towards the direction of cluster region. In the present study, these diagrams have been constructed using the stars with the estimation-error of magnitude less than 0.1 mag in IR bands. As a result, we have found 414 and 456 stars of NGC 110 and 461 and 952 stars of DOLIDZE 14 in the 2MASS and W ISE catalogues, respectively. Among these two catalogues, the number of common stars in NGC 110 are found to be 252 while those in DOLIDZE 14 are 384. Among these common stars, the number of probable members are estimated to be 136 and 254 for NGC 110 and DOLIDZE 14, respectively. Such members are depicted by red dots in each TCD. Using 2MASS and W ISE archival data, the different types of TCDs such as ( Table 1 . The (H − J) − (H − K) diagram of each cluster then provides the ratio,
, which is found to be approximately equal to 1.49±0.33 and 1.40±0.19 for NGC 110 and DOLIDZE 14, respectively. These values are in close agreement with
obtained through the Mechure relation (Mechure, 1970) within their respective errors. The reddening, E(B − V ), is estimated using the following relations (Fiorucci & Munari, 2003 ):
The different colour-excesses, E(J − H), E(H − K) and E(W 1 − W 2 ) for each cluster are obtained through (J − H) − H, (H − K) − H and (W 1 − W 2 ) − H CMDs, as shown in Fig. 6 . The estimated reddening value is found to be 0.42±0.03 mag for NGC 110 which is close to 0.46±0.10 mag as estimated by Tadross (2011) while the same for DOLIDZE 14 has been found to be 0.32±0.02 mag.
Colour-Magnitude Diagrams: Distance, age and colour-excess
The identification of Main Sequence (MS) in CMDs allows us to determine the model-dependent mass, radius and distance of each cluster (Joshi et al., 2014) . (Marigo et al., 2008) of solar metallacity on different CMDs of clusters. The best fit isochrone then gives the value of apparent distance-modulus as 10.80.3 mag and 11.30.2 mag for NGC 110 and DOLIDZE 14, respectively. The reddening correction has been obtained by the absorption formula A H /A V = 0.176 as suggested by Dutra et al. (2002) . The distance of each cluster is then determined through the following relation:
where R H ∼ 1.77 and m 0 is visual distance modulus. Here, m 0 −R E(J −H) is also identified as the distance-modulus (m H ). We have estimated the value of distance modulus for DOLIDZE 14 as 11.12±0.18 mag while it turns out to be 10.57±0.28 mag for NGC 110. The distance is then obtained as 1.29±0.22 kpc for NGC 110 which is close to 1150±53 pc as calculated by Tadross (2011) while the same for the DOLIDZE 14 comes out to be 1.67±0.14 kpc. In addition, the best fit of Marigo isochrones further leads to the log(age) of NGC 110 as 9.0 (equivalent to 1 Gyr) which is close to the value 0.9±0.04 Gyr as estimated by Tadross (2011) . The log(age) of DOLIDZE 14 has been estimated as 9.1 which is equivalent to 1.26±0.08 Gyr. Furthermore, we have also estimated the different colour-excesses such as, E(H − K) = 0.08 and E(W 1 − W 2 ) = 0.01, by best fitted theoretical isochrones on (H − K) − H and (W 2 − W 1 ) − H CMDs of DOLIDZE 14. The similar estimations for NGC 110 have been found to be, E(H − K) = 0.06 and E(W 1 − W 2 ) = 0.01. As a result, these two colour-excess for the presented studied clusters are corelated as,
In addition, it has also been found that the ratio E(J − H)/E(H − K) obtained for these clusters using best fitted isochrones on (J − H) − H and (H −K)−H CMDs agrees well with the value obtained through the Mechure (1970) relations.
Membership probabilities
It is a well known fact that the cluster region is influenced by the foreground and background stars. It is, therefore, required to define a factor which may indicate the possibility of a star belonging to a particular cluster region. It is defined as the membership probability of the star, which may be calculated by the star position from the cluster center and the proper motion of a star related to mean proper motion value of the cluster. The probability associated with the position is defined as the spatial probability, while that related to the proper motion is termed as the kinematic probability. The criteria based on these probabilities is expected to yield the most probable members of a cluster. The location of these most probable members in cluster CMDs then becomes a tracing tool of the best visual fitted isochrones. As such, the probabilities needed for the estimation of membership of stars within a clusters, may be described as follows.
The probability of localizing a star in the cluster field, is termed as the spatial probability, which may be given in the following form (Joshi et al., 2012) :
where r i is the angular distance of i th star from the center of the cluster and r c is the cluster radius. For the stars lying outside the cluster region, such probability always has the negative value.
It is well known that the proper motion of member stars of a cluster usually differs the values from the mean-proper motion of the cluster. As a result, the deviation of proper-motion of a member in both RA and DEC directions with respect to the mean-proper motion of cluster provides a measure of its kinematic probability. The kinematic probability of stars as has been derived using the technique given by Kharchenko et al. (2004) , may be given by,
where σ The two type of probabilities discussed above for the determination of the membership of a star in a cluster may sometime lead to conflicting results. It may be due to the fact that the spatial probability, in fact, drops continuously from the center to cluster circumference while the kinematic probability grows independent of the spatial configuration of the stars in a cluster field. As a result, one has to heavily constrain the cluster system to match the most probable membership results. Moreover, a cluster system is also expected to be a dynamical system with varying proper motion of its constituent member stars. Hence, in order to avoid any inconsistency in membership determination from the associated probability, it is naturally desired to redefine the probability in such a way that it includes the spatial feature of the members on one hand and the dynamical evolution on the other. It may be identified as the "spatio-kinematic probability" which may be expressed by a geometrical mean as given below;
Using the above expression, we identified the stars belonging to the clusters having P sk more than 0.5. Out of this, we selected only those stars as a most probable members whose magnitude estimation error is less than 0.1 mag in each corresponding band. We give the magnitude and probability of most probable members identified within the clusters NGC 110 and DOLIDZE 14 in Tables 2 and 3 , respectively. Such most probable members have shown to closely follow the main sequence of cluster in the CMD and are depicted by big blue dots in Fig. 7 .
Determination of effectiveness of probabilities
It is well known that the stellar density of cluster field is affected by the presence of foreground and background stars. We may, therefore, also calculate the effectiveness of membership determination using the expression given below (Shao & Zhao, 1996) :
where N is the total number of stars under consideration for the determination of the membership probability and P i indicates the probability of i th star of the cluster. We have found the effectiveness (E) for NGC 110 and DOLIDZE 14 as 0.12 and 0.20, respectively. The result thus fall well within the lower limit for E (0.20) as that estimated by Shao & Zhao (1996) for a sample of 43 OCLs although they modified the lower limit (of E) to a value 0.12 for the smaller cluster.
Discussion and Conclusions
In view of the potential importance of the open star cluster and their catalogues in understanding the evolution of the Galaxy, the present work deals with the estimation of the basic physical parameters of two clusters, viz. NGC 110 and DOLIDZE 14 using P P MXL catalogue. In the present study, the center coordinates of NGC 110 and DOLIDZE 14 are found as ( ′′ ), respectively. The cluster radius of NGC 110 and DOLIDZE 14 estimated using the King empirical model, and are found to be 5.2±0.4 arcmin and 9.6±0.2 arcmin, respectively. The radial density profiles of these clusters indicate that these clusters are not densely populated. The mean-proper motion of NGC 110 and DOLIDZE 14 in their RA and DEC directions were estimated as (4.03±0.29 and 2.53±0.23 mas/yr) and (−0.15±0.34 and −7.79±0.41 mas/yr), respectively. The reddening, E(B − V ), is estimated as 0.42±0.03 mag for NGC 110 and 0.32±0.02 mag for DOLIDZE 14. However, E(B − V ) estimated using the Fiorucci & Munari (2003) relation is still needed to be confirmed by further investigation through UBV RI CCD photometry. The best fit theoretical isochrone on JHK catalogue of NGC 110 yielded a distance of 1.29±0.22 kpc for the cluster, while it is estimated as 1.67±0.14 kpc for DOLIDZE 14. In addition, the log(age) estimated for these clusters (approx. 9) demonstrates that these clusters belong to old-age categories of OCLs. The Table 4 summerises all the estimated parameters of the present studied clusters. For the identification of most probable members of the clusters, the statistical approach of field star separation has been shown to further limit the probable members and such most probable members of these clusters are considered to be the true tracer of theoretical isochrones.
The colour-excesses E(H − K) and E(W 1 − W 2 ) obtained by best fitted isochrones on various CMDs of the cluster under study have also been found to be linearly correlated as, given by eq.(3). Similar correlations of these clusters in other bands may also be drawn by using UBV RI data. A deep UBV RI CCD photometric study of these clusters is further needed to investigate some of their important dynamical properties, viz, mass-segregation, luminosity-function, etc.
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